TiO 2 nanoparticles (NPs) were synthesized by sol-gel methods using two different precursors, titanium tetraisopropoxide and potassium titanium oxalate (KTO). The precursors had a profound influence on the structural, morphological, dielectric and magnetic properties of synthesized TiO 2 NPs, as evidenced by the XRD, FE-SEM, TEM, LCR and VSM studies in the synthesized samples. Alkoxide-derived TiO 2 NPs contained mostly mixed phases of anatase and rutile, whereas KTO-derived TiO 2 NPs contained anatase and Magnéli phases (Ti n O 2n-1 ). After heat treatment at 550 °C, the crystallite size of KTO-derived NPs was lower than alkoxide-derived TiO 2 NPs. The synthesized nanoparticles were spherical and agglomerated having anatase and rutile phases with different proportions in the microstructure of the alkoxide sample. Dielectric constant of the KTO-derived NPs was higher than the alkoxide-derived NPs. Diamagnetic behavior of KTO-derived NPs was also higher than the alkoxide-derived TiO 2 NPs. Keywords: TiO 2 nanoparticles, sol-gel, dielectric constant, grain size, anatase. 
INTRODUCTION
Over the last few decades, titanium dioxide (TiO 2 ) has attracted the attention of researchers for different applications, like the gate dielectric in metal oxide semiconductor field-effect transistors (MOSFETs) [1] , and surfaces for solar energy conversion [2, 3] ; it is also used for high efficient photocatalytic activity [4] [5] [6] because of their well-known properties, which include high refractive index (n=2.4), high permittivity and transmittance in the visible region. Recently TiO 2 has also been widely used in the field of optical and protective coatings, fiber optics and high speed electronic devices [7, 8] due to their excellent mechanochemical stability [9] . TiO 2 as diluted magnetic semiconductors (DMS) share the qualities of both semiconductors and magnetic materials, such as ferromagnetism and magnetoelectricity, and the application of the diluted magnetic semiconductors is widely promising in various fields [10] [11] [12] .
Different techniques have been used for the preparation of TiO 2 nanoparticles, which includes sol-gel, different forms of sputtering from metallic and ceramic targets, electron beam evaporation, pulsed laser deposition and chemical vapor deposition. Considering the advantages and disadvantages of these methods, sol-gel process has been chosen as the most important process because of its low reaction temperature, narrow range of particle size distribution, controllable particle-size, low cost and ease of processing for the preparation of TiO 2 nanoparticles (NPs) [13] . For example, TiO 2 NPs were synthesized employing sol-gel technique from titanium tetraisopropoxide with crystal size of approximately 20 nm containing anatase and rutile mixed phases [14] . TiO 2 NPs were also synthesized from tetraisopropyl orthotitanate and titanium tetrachloride separately and the product obtained was TiO 2 in anatase phase with only ~10 nm crystal size [15] . TiO 2 NPs were also synthesized by sol-gel method from titanium alkoxide and adjusting the gelling pH to a value of ~3 pure anatase TiO 2 was obtained [16] . Nano-TiO 2 in anatase form was synthesized by sol-gel method using titanium isobutoxide with 16 nm crystal size [17] . Non-hydrolytic sol-gel reaction between titanium isopropoxide and oleic acid was employed and generated TiO 2 nanorods of uniform dimension with anatase phase [18] . 10 nm anatase TiO 2 sample was synthesized by hydrothermal processing at 180 °C and the synthesized TiO 2 underwent neither phase change nor significant grain growth up to 800 °C; further, nanocrystalline rutile TiO 2 particles were attained via hydrothermal treatment in an acidic medium [19] .
In the present work, TiO 2 nanoparticles were synthesized using two different precursors KTO and titanium alkoxide by sol-gel method. The difference in crystallite size, morphology, phase composition (proportion of rutile and anatase), dielectric and magnetic behavior of the TiO 2 particles synthesized from two different precursors was studied by XRD, TEM, FE-SEM, VSM and LCR.
EXPERIMENTAL
All the chemicals used in the present experiment were of reagent grade. TiO 2 sol was prepared by dissolving 7.08 mg of potassium titanium oxalate (KTO), K 2 TiO(C 2 O 4 ) 2 .2H 2 O (Loba Chemie), in 200 mL of distilled water for making 0.1 M KTO solution. White precipitate of titanium hydroxide was formed in the sol when NH 4 OH (1:1) was added drop wise to the solution under continuous stirring using magnetic stirrer. The precipitation was completed at around pH ~12, and it was washed thoroughly with distilled water until the pH of the solution became 7. Then it was filtered and the precipitate was dissolved in a 1:1 solution of 30% H 2 O 2 (Merck). Afterwards, the total solution was kept for 20 min to dissolve the precipitate completely in the solution. To this solution diethanolamine (DEA), C 4 H 11 NO 2 (Merck, ≥98%) was added drop wise until the pH of the solution became 12 and a stable sol was obtained. KTO-derived sol was dried at 110 °C in an air oven to convert it into gel. It was heat treated subsequently at 550 and 900 °C for 1 h in an electrically heated muffle furnace with heating rate of 5 °C/min.
For the synthesis of TiO 2 sol from alkoxide precursor, 10 mL of titanium (IV) isopropoxide, Ti[OCH(CH 3 ) 2 ] 4 (Sigma-Aldrich), 3 mL of diethanolamine (Merck), and 60 mL of ethanol (Merck) were taken as starting materials for the preparation of titania sol. Ethanol was mixed with diethanolamine (DEA) and then titanium isopropoxide was added to it slowly; this mixture was vigorously stirred for 40 min. To the thoroughly stirred mixture 2 drops of water was added followed by stirring again. The sol was observed to be stable and after 7 days it was transformed to gel. Alkoxide-derived sol was converted to gel at room temperature by evaporation followed by heat treatment similar to the above-mentioned procedure. The gel was heat treated at 550 and 900 °C for 1 h in an electrically heated muffle furnace with a heating rate of 5 °C/min.
All samples were characterized by the various techniques, such as X-ray diffraction (XRD, Rigaku, Ultima III). The relative proportion of rutile phase was calculated by [20] :
where, W r is the rutile fraction, I r is the intensity of (110) peak of rutile, and I a is the intensity of (101) peak of anatase. The grain size of the samples was calculated using Scherrer equation [21] :
where, D is the size of crystallite, λ is the wavelength, β is FWHM and θ is the diffraction angle. The individual contributions of crystallite sizes and lattice strain on the peak broadening of the TiO 2 nanoparticle were analyzed by using the size-strain plot of Williamson-Hall (W-H) method [22, 23] :
where, η is the effective strain, β is FWHM in radian, λ is the X-ray wavelength, θ is the diffraction angle, and D is the effective particle size. The negative slope in W-H plot indicated the presence of compressive strain [24] , whereas the positive slope indicated the presence of tensile strain [25] . The sample density, ρ, from X-ray data was calculated by [26, 27] :
where, M is the molecular weight, N is Avogadro's number and V is the volume of unit cell. For anatase phase n is four and for rutile phase n is two [20, 28] . Further, the specific surface area, S a , was calculated by [27] :
where, D is crystallite size and ρ is the density of the sample. Field emission scanning electron microscopy (FE-SEM, Hitachi, S-4800) and transmission electron microscopy (TEM, Jeol, JEM-2100) were carried to observe the morphological changes. Magnetic and dielectric behaviors of the material were determined by vibrating sample magnetometer (VSM, Lake Shore Cryotronics, 7410) and LCR meter (Hioki, 3522-50 HiTester).
RESULTS AND DISCUSSION
From the XRD pattern of alkoxide-derived TiO 2 ( Fig.  1a) , it was observed that after calcination at 550 °C, the sample contained anatase as the major crystalline phase. The characteristic lattice planes of anatase, (101), (004), (200), (211) and (105), were observed with high intensities. With the increase in temperature, the proportion of rutile phase in the sample increased significantly. At 900 °C, (110), (101), (111), (211), (220) and (301) planes of rutile were also detected. At 550 °C about 28% of rutile phase was present in the sample. Although anatase and rutile have the same basic TiO 6 octahedron, the arrangement of atoms in the basic unit changed when the rutile phase was developed from anatase. TiO 6 octahedron did undergo distortion on heat treatment and finally breaking and recombination of new Ti-O bonds occurred at the interphase and at the grain interiors. Lattice distortion and breaking of Ti-O bonds at higher temperatures resulted in the removal of oxygen ions and creation of defects along with the development of new Ti-O bonds in the rutile phase. At 900 °C all peaks in the XRD pattern corresponding to the rutile phase were present. The increase in intensities of all the characteristic planes, (110), (101), (111), (211) and (220), indicated final reconstruction of rutile phase with the removal of residual defects. This observation is somewhat different from other works reported in literature [18, 19] .
For KTO-derived TiO 2 it was observed from XRD pattern of the sample calcined at 550 °C (Fig. 1b) , the present phase was only anatase with characteristic planes (101), (004), (200), (105), (211) [29] , which is a new finding in this work at this temperature. The intensity of peaks corresponding to anatase increased at this temperature indicating improved crystallization of anatase phase. Peaks corresponding to Magnéli phases were also observed in increased proportions.
The deviation in terms of % error in the intensities of diffraction was calculated by taking standard values of cell volume for anatase (135.25 Å 3 ) and for rutile (62.43 Å 3 ) from JCPDS No. 10731764 and 40551. The % cell volume error is given in Table I . For the alkoxide-derived TiO 2 powder, the grain size increased and microstrain decreased as a function of the heat treatment (Fig. 2) . The grain growth can be related to the removal of oxygen vacancy and increasingly convex nature of the grain boundary. The change in the chemical potential of the atoms across the curved grain boundary side acted as the driving force to move the boundary and resulted in the increase of the grain [30] [31] [32] .
From EDX analysis, in alkoxide-derived sample it was observed that with the increase in the calcination temperature, the proportion of oxygen atom decreased from 38.3 to 27.6 at% and the proportion of Ti increased in TiO 2 . It indicated that with the increase in the calcination temperature oxygen ions came out of the structure with the formation of oxygen vacancies. In KTO-derived sample, it was observed that with the increase in the calcination temperature, the proportion of oxygen atom decreased from 38.1 to 19.0 at%, and 2.6 to 2.3 at% of potassium was present in sample. The oxygen vacancy increased substantially at higher calcination temperature, indicating lower oxygen partial pressure at 900 °C.
From HRTEM image of TiO 2 nanoparticles calcined at 550 °C derived from KTO precursor (Fig. 3) , clear lattice fringes were observed which indicated that the crystallite of TiO 2 particle were mostly anatase as detected from XRD analysis. It can be seen that the average crystallite size in the synthesized TiO 2 powder was about 11 nm in diameter which (Fig. 4) significant grain growth was noticed during the transformation of anatase to rutile. After heat treatment at 550 °C, the grain size of the alkoxide-derived NPs was 29 nm which became double in size (58 nm) after heat treatment at 900 °C. Rutile grains in the samples developed at the expense of neighboring grain coalescences until the relatively larger rutile grain began to impinge on each other. From alkoxide-derived sample images, it was observed that the different type crystallite with different density were present in the microstructure. The lighter image was attributed to higher density rutile particles.
[Tabela I -Parâmetros estruturais das nanopartículas de TiO 2 derivadas de alcóxido (A) e KTO (K)
FE-SEM micrographs (Fig. 5 ) of the alkoxide precursor derived TiO 2 revealed that the samples consisted of nanosized primary particles with spherical shape and agglomeration. Increase in the particle size with calcination temperature was related to the crystal growth. Changes in the dispersion behavior of the agglomerates as a function of calcination temperature were noticed in the micrographs. For KTO-derived TiO 2 samples, with the increase in the calcination temperature the morphology of the particles changed. Initially it was irregular shaped spherical structures consisting of relatively smaller granule clusters, but with the increase in the calcination temperature morphology was changed to a mixture of platelet shaped structures with some rod like structures indicating directional growth in the sample. This type of morphology was not observed in other reported studies [15] . The grain size after heat treatment at 550 °C was substantially smaller, i.e. ~10 nm, which became about 53 nm after heat treatment at 900 °C.
Dielectric constant of TiO 2 nanoparticles decreased rapidly with the increase in the frequency (Fig. 6) . Variation in the dielectric constant at lower frequency was attributed to space charge contribution rather than electronic and ionic contribution with the increase in frequency [33] . The ionic and electronic contribution became dominant and the space charge contribution diminished gradually. Hence dielectric constant decreased with the increase in frequency towards relatively constant value (relaxation behavior) at higher frequency. The average value of dielectric constant of the alkoxide-derived TiO 2 samples increased with the increase in heat treatment temperature, which has not been reported hitherto and remained almost constant with the change in frequency as reported in other works [34] . It indicated complete crystallization and phase transformation in the TiO 2 sample (rutile phase) at the calcination temperature. The dielectric losses of the samples as a function of frequency are also shown in Fig. 6 . The low frequency dielectric losses were related to the dielectric constant, electrical conductivity and point defect concentrations associated with reduction of Ti 4+ to Ti 3+ and associated oxygen vacancies. Dielectric losses are a strong function of frequency and at high frequency range for all samples the loss factor values achieved a saturation level at the present work. At high frequency, the dipoles can no longer follow the field, therefore the loss factor remained constant. The constant loss factor values for the samples calcined at 900 °C can be related to the perfection in the crystal structure and restriction in the free dipolar oscillation due to the increase in packing density. Alkoxide -550ºC
Alkoxide -550ºC Alkoxide -900ºC
Alkoxide -900ºC
The high value of dielectric constant for KTO-derived TiO 2 NPs (almost 100 times than alkoxide-derived TiO 2 NPs at low frequency) can be related to the incomplete crystallization and distortion in the crystallite. Here also with the increase in the frequency, the dielectric constant and loss values decreased and became almost constant at higher frequency range. The higher value of dielectric constant at low frequency can be related to the simultaneous presence of space charge, dipolar, ionic and electronic polarization. With the increase in the calcination temperature, dielectric constant values decreased which can be related to the increase in the packing density of the samples or decrease in the number of particles and grain boundary in the samples. However, for both cases dielectric constant assumed a constant value at high frequency region.
Vibrating sample magnetometer (VSM) was employed to measure the magnetic properties of the samples (Fig. 7) . TiO 2 synthesized from both precursors did not exhibit any ferromagnetism, rather it exhibited a diamagnetic behavior [35] . The intrinsic defect alone in TiO 2 nanoparticle could not account for the observed ferromagnetism. Diamagnetic behavior in KTO-derived sample was more than the alkoxide-derived sample. The variation in magnetization with magnetic field was more significant for KTO-derived sample compared to alkoxide derived sample. It can also be related to the incomplete crystallization or more crystalline defects in KTO-derived TiO 2 sample.
CONCLUSIONS
Titania nanoparticles were synthesized by sol-gel methods using titanium (IV) isopropoxide and potassium titanium oxalate (KTO) precursors and calcined at 550 and 900 °C to compare the role of precursors on the particle size, morphology, dielectric and magnetic properties of the synthesized TiO 2 nanoparticles (NPs). XRD analysis of TiO 2 NPs calcined at 550 °C revealed the presence of anatase phase for TiO 2 derived from KTO and mixed phases of anatase and rutile for alkoxide-derived sample. Beyond rutile and anatase phases some Magnéli phases (Ti n O 2n-1 ) of TiO 2 were also present in the synthesized samples, particularly in KTO-derived samples. The proportion of rutile phase increased with the increase in the calcination temperature for the synthesized NPs. The XRD results also showed that the average crystallite size increased with the increase in calcination temperature and the surface area of these samples decreased significantly. The average particle size of KTO-derived NPs was significantly lower than the alkoxide-derived NPs. From FE-SEM study it was observed that TiO 2 were primarily nanosized particles with larger spherical agglomerates for alkoxide-derived sample calcined at 550 °C. For KTO-derived sample with the increase in calcination temperature morphology of particles changed from irregular spherical structure to mixed platelet and rod like structure. TEM analysis for KTO-derived TiO 2 indicated that the average crystallite size was about 11 nm in diameter which confirmed the XRD results. For alkoxidederived TiO 2 samples large grains with different crystallite types and with different densities were present in the microstructure. KTO-derived TiO 2 exhibited higher value of dielectric constant due to incomplete crystallization and possible distortion in the crystallites. VSM studied revealed that synthesized TiO 2 nanoparticles were diamagnetic. The change in magnetization with magnetic field was more intense in KTO-derived TiO 2 sample. 
